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ABSTRACT: In land surveying, digital terrain model (DTM) and digital 
surface model (DSM) have long been benefitted in many applications related 
to terrain mapping.  Conventional methods of generating DTM and DSM 
have limitations in terms of practicality, time consumption and costing. 
The problems are much more serious for tropical regions where clouds are 
persistence and tend to affect the accuracy of most of these devices. This 
study aims to propose a novel way of generating DTM and DSM by utilising 
unmanned aerial vehicle (UAV) for different land covers including forest, 
plantation and developed areas in the tropical region of Malaysia. The aerial 
images obtained from non-matrix digital compact camera payload on UAV 
were processed photogrammetrically to produce terrain mapping products 
including DTM, DSM and orthophoto. A detailed survey is also conducted 
at these areas to produce contour map as benchmark data in which is less 
being practiced by UAV mappers. To determine the accuracy, quantitative 
and qualitative analysis were carried out by means of root mean square error 
(RMSE) and visual inspection. The results show that the RMSE of DTM for 
forest, plantation and developed area are ± 1.806m, ± 0.938m and ± 0.549m, 
respectively while for DSM are ± 3.143m, ± 0.637m and ± 0.276m respectively. 
This study has determined that, the development area gives the highest 
accuracy compared to the plantation and forested area in which for developed 
and plantation area the DSM is better than DTM while vice-versa for forested 
area. It can be concluded that the complexity if terrain is found to be one of 
the key factors that influences the accuracy of the generated DSM and DTM.  
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1.0  INTRODUCTION  
 
In land surveying, a number of conventional devices have been used 
in producing terrain mapping particularly DTM and DSM.  There are 
such as total station [1], global positioning system (GPS) [2], light 
detection ranging radar (LiDAR) [3-4], manned aircraft [5-6], terrestrial 
laser scanning (TLS) [7] and remote sensing [8-9]. However, despite 
have been benefitted many, these approaches suffer from certain 
limitations particularly in terms of time consumption, usage and 
costing. The issue is much more serious in the tropical regions which 
are known persistently covered with clouds especially during 
monsoon seasons, making it difficult to capture high-quality images 
even by using remote sensing satellite technology. Meanwhile, GPS 
survey requires a lot of time to establish high-density points in the 
study area. This is because GPS survey method measures discrete 
point on the surface. Therefore, this method is not practical for projects 
allocated with limited budget and time [3]. Terrain mapping using 
LiDAR and manned aircraft are very costly but has low ground 
resolution and limited time frame hence, rather impractical to be used 
for low altitude and small area surveying. Recently, UAV has been 
given a great attention in many applications including terrestrial 
terrain mapping, mainly, due to its low cost and practicality [10-11]. A 
UAV is commonly integrated with autopilot technology that enables 
semi or full autonomous navigation and image acquisition capabilities 
[1].  The image acquisition capabilities enable Earth terrain to be 
mapped and modelled to produce orthophoto. Orthophoto is an aerial 
photograph that has been geometrically rectified with appropriate 
scale and curvature, which has been considered as a vital element in 
the field of photogrammetry. Besides orthophoto, images acquired 
from UAV can also be used to generate Digital Terrain Model (DTM), 
which is the spatial terrain elevations of bare-earth, DTM can be 
utilized for road planning, forest inventory, land use classification and 
flood risk analysis. Besides that, DTM is also used to generate Digital 
Surface Model (DSM), which is a spatial reflectance of the Earth 
surface detected by aerial sensors in which may contain bare ground 
or surface features such as trees and built-up structures that can 
provide essential knowledge regarding natural and man-made objects 
on earth which can be used for 3D modelling. DTM and DSM can be 
generated from aerial imageries acquired from the camera mounted on 
a UAV [12]. This is done by overlapping stereo images wherein the 
accuracy of the final product is evaluated by means of root-mean-
square error (RMSE) due to its practicality and simplicity [12-14]. 
Stereo images are two or more images of an area or object taken from 
different angles. Based on these models, users are able to use them for 
various applications particularly natural resources and environmental 
management. Furthermore, the use of UAV able to support real-time 
Digital Elevation Model (DEM) for large scale area under different 
types of land cover. 
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particular land cover. Nevertheless, not much effort has emphasised 
on analysing the range of accuracy of the final output over different 
land covers [15-20]. Thus, the primary objectives of this study are to 
propose a novel way of generating DTM and DSM by utilising UAV 
and evaluate the accuracy of DTM and DSM for different land covers 
include forest, plantation and developed areas in the tropical region of 
Malaysia by means of root mean square error (RMSE). In doing so, 
ground surveying is conducted to produce base contour map to these 
land covers. It is hoped that this study will become a benchmark for 
terrain mapping especially for real-time low altitude semi-aerial 
photogrammetry.  
 
 
2.0  METHODOLOGY 
 
This study consists of five phases which are data acquisition, pre-
processing, processing, output and analysis. Figure 1 shows the 
flowchart of the study. 
 
 
Figure 1: The research flowchart 
 
The study used two sources of data which were UAV imagery as the 
primary data and detail ground survey as the secondary data. The 
detail ground survey data were used as the base-map for determining 
the accuracy of three UAV terrain products. Three different study 
areas (with different land covers) were selected in this study which are 
(a) Sg. Papan, Royal Belum Forest Reserve, Perak (forest area), (b) 
Rubber Plantation, Lembaga Getah Malaysia (LGM), Kota Tinggi 
(plantation area) and (c) Universiti Teknologi Malaysia, Johor Bahru 
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(developed area). Figure 2 shows the location of the study area. 
 
 
Figure 2:  Location of the study area 
 
Sg. Papan, Royal Belum Forest Reserve, Perak (longitude 5.786181N, 
latitude 101.514274E) is mainly a forest area with high density tree 
canopies. It is a hilly area with a somewhat complex terrain pattern. 
The high density of canopy of the forest is expected to affect the DTM 
to be generated due to the fact that some sun rays are unable to 
penetrate below the canopy. The study plot for this area is 100 m x 100 
m with 250 m height above the mean sea level (MSL). For the second 
study area at Lembaga Getah Malaysia (longitude 5.786181 N, latitude 
101.514274E), Kota Tinggi, Johor, the land cover is fairly uniform 
rubber trees with not very dense canopy compared to the forest. The 
selected study plot for this area is 120 m x 120 m with 17 m height 
above MSL. The third area is block T06, Universiti Teknologi Malaysia, 
Johor Bahru (longitude 1.560335N, latitude 103.638129E) which is a 
built-up area with buildings and other university infrastructures. The 
terrain is nearly flat with almost no tree canopy. The study plot is 140 
m x 100 m with 17 m height above MSL. A detail survey was carried 
out where the outcome is to be used as the base-map and benchmark 
to the UAV images. For the forest area, a 100 m x 100 m grid was 
created to demarcate the ground points located at each intersection 
between X and Y directions. The intersection points were marked by 
pole to create 20 m x 20 m quadrants. The exact position of all the 
intersection points were measured and recorded by using a total 
station. For the plantation area and developed area, it was necessary to 
carry out random ground point survey because of not having serious 
obstructions due to trees. The survey was carried out using Topcon 
total station ES105. The data were then processed to produce contour 
maps for the study areas. Forestry Pro and Distometer were used to 
determine the height of ground objects such as trees and buildings 
within the study areas. The combination of ground object heights and 
measurements from the detail survey were used as the benchmark 
data. These data were compared to the DSM contours that were 
generated from the UAV images. For the developed area, the quadrant 
was divided into 4 sub-quadrants with 10 m x 10 m area each. This 
was to allow object height to be collected according to the sub-
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Johor Bahru (longitude 1.560335N, latitude 103.638129E) which is a 
built-up area with buildings and other university infrastructures. The 
terrain is nearly flat with almost no tree canopy. The study plot is 140 
m x 100 m with 17 m height above MSL. A detail survey was carried 
out where the outcome is to be used as the base-map and benchmark 
to the UAV images. For the forest area, a 100 m x 100 m grid was 
created to demarcate the ground points located at each intersection 
between X and Y directions. The intersection points were marked by 
pole to create 20 m x 20 m quadrants. The exact position of all the 
intersection points were measured and recorded by using a total 
station. For the plantation area and developed area, it was necessary to 
carry out random ground point survey because of not having serious 
obstructions due to trees. The survey was carried out using Topcon 
total station ES105. The data were then processed to produce contour 
maps for the study areas. Forestry Pro and Distometer were used to 
determine the height of ground objects such as trees and buildings 
within the study areas. The combination of ground object heights and 
measurements from the detail survey were used as the benchmark 
data. These data were compared to the DSM contours that were 
generated from the UAV images. For the developed area, the quadrant 
was divided into 4 sub-quadrants with 10 m x 10 m area each. This 
was to allow object height to be collected according to the sub-
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quadrant and the position of object can be estimated using a compass 
and measuring tape from any intersection point. Subsequently, the 
objects (including trees and buildings) were marked and their heights 
were recorded. Ground control points (GCP) were established for the 
whole study area to geometrically tie the UAV with real earth. Topcon 
Tools software was used where WGS84 system was adopted for the 
purpose of our study. 
For UAV data acquisition, initially setting up of UAV system is carried 
out where all the UAV components such as digital camera, radio 
controller, software and battery were first prepared. Next, mission 
planning was established using Mission Planner Software to determine 
the waypoints for controlling the pathway and altitude of the UAV. 
There were two main phases of processing involved in this study, the 
first processing was the generation of orthophoto, DSM and DTM from 
raw UAV images and the second processing was to generate contour 
from DSM and DTM obtained from the UAV output as well as from 
the ground survey. Eventually, the accuracy of the generated DTM 
and DSM was computed by making use of root-mean-square error 
(RMSE) where the accuracy of the UAV terrain product was computed 
relative to the ground survey data. 
 
3.0  RESULTS AND DISCUSSION 
 
The output generated from processing of UAV images were 
orthophoto, DSM, DTM and contour maps. Universal Traverse 
Mercator (UTM) zone 48 N was used as the map projection coordinate 
system for the UAV image together with the WGS84 3D geodetic 
system. Figures 3 (a)-(c) show the orthophotos for the three different 
types of land cover namely forest, plantation and developed area, 
respectively. It is obvious that the forest area is nearby to a watery 
area, the plantation area contains rubber trees and located besides a 
straight road while the developed area contains a building surrounded 
by a tidy landscape. 
   
(a) (b) (c) 
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obstructions due to trees. The survey was carried out using Topcon 
total station ES105. The data were then processed to produce contour 
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quadrant d the positi n of object can be estimated using a compass 
and measuring tape from any i tersection point. Subsequently, he
objects (including trees and buildings) were marked an  their heig ts 
were reco ded. Ground contr l p ints (GCP) were stablished for the 
whole study area to ge m trically tie th  UAV with real earth. Topcon 
Tools software was used where WGS84 system was adopted for the
purpose f our st dy. 
For UAV data acquisition, initially setting up of UAV system is carried 
out where all the UAV components such as digital c mera, dio 
contr ller, software nd battery were first prepar d. Next, mission 
planning was established using Mission Planner Software to determine 
the waypoints for c ntr lling the pathway and altitude of the UAV. 
There were two main phases of processing volved in this study, the 
first processing was the generation of orth p to, DSM and DTM from 
raw UAV images and the second processing was to generat  contour 
from DSM and DTM obtained from the UAV output as well as from 
the ground survey. Eventually, the accura y of the generat d DTM 
and DSM was computed by making use of r ot-mean-square e ror 
(RMSE) where the accura y of the UAV terrain product was computed 
relative o the ground survey data. 
 
3.0  RESULTS AND DISCUSSION 
 
The output generat d from processing of UAV images were 
orth p to, DSM, DTM and contour maps. Universal Trave se 
Mercator (UTM) zone 48 N was used as the map projection c ordinate 
system for the UAV image toge her with the WGS84 3D geodetic 
system. Figures 3 (a)-(c) show the orth p tos f r the ree different 
types of land cover namely forest, plantation and develop d area, 
respectively. It is obvi us that the forest area is nearby to a w tery 
area, the plantation area contai s rubber trees and located besid  a 
straight road while the develop d area contai s a building surro nded 
by a tidy landscape. 
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Figure 3: The orthophoto for (a) forest, (b) rubber and (c) developed area 
 
3.1  Analysis of DTM from UAV Images 
 
After filtration process that involved classification of ground and non-
ground point cloud, DTM processing was initiated where the pattern 
of ground surface height for the study area was generated. Figures 4 
(a)-(c) show the DTM from the forest, plantation and developed area, 
respectively. The colours which are green, yellow and red indicate the 
changes of elevation from low to the highest elevation for each land 
cover. For forest, the DTM ranges from 209 m to 301 m, 12 m to 33 m 
for plantation and 9 m to 36 m for development area. As expected, 
forest shows the highest average terrain elevation followed by 
plantation and development area [3, 15, 18]. 
   
(a) (b) (c) 
Figure 4: DTM for (a) forest, (b) rubber and (c) developed area 
 
The generated DTM which was in raster form and was converted to 
contour map which was in vector form which was later used as one of 
RMSE parameter. The contour map was next imported to CAD 
(Computer-aided design) software for coordinate conversion. The 
UTM zone 48N coordinate was converted to the national RSO 
geocentric so that it had the same coordinate system as the ground 
survey data. For verification purpose, 20 sample points were selected 
from the contour map and detail survey where accuracy assessment 
was carried out for height at all corresponding X and Y coordinates. 
The patterns of the contour generated from the three study areas were 
identified and analysed. As expected, there was an obvious 
discrepancy between the patterns of the generated contour from UAV 
and detail survey for all the areas. This was due to the fact that the 
UAV-generated contour was produced based on the interpolation of 
point cloud generated using overlapping of image while ground 
survey-generated contour was produced from the interpolation 
between spot heights collected using the total station. Subsequently, 
the pattern of deviation between two sets of elevation data were 
statistically analyzed for standard statistical parameters such as 
standard deviation, mean and variance so that the data properties can 
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identified and analysed. As expected, there was an obvious 
discrepancy between the patterns of the generated contour from UAV 
and detail survey for all the areas. This was due to the fact that the 
UAV-generated contour was produced based on the interpolation of 
point cloud generated using overlapping of image while ground 
survey-generated contour was produced from the interpolation 
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quadrant and the position of object can be estimated using a compass 
and measuring tape from any intersection point. Subsequently, the 
objects (including trees and buildings) were marked and their heights 
were recorded. Ground control points (GCP) were established for the 
whole study area to geometrically tie the UAV with real earth. Topcon 
Tools software was used where WGS84 system was adopted for the 
purpose of our study. 
For UAV data acquisition, initially setting up of UAV system is carried 
out where all the UAV components such as digital camera, radio 
controller, software and battery were first prepared. Next, mission 
planning was established using Mission Planner Software to determine 
the waypoints for controlling the pathway and altitude of the UAV. 
There were two main phases of processing involved in this study, the 
first processing was the generation of orthophoto, DSM and DTM from 
raw UAV images and the second processing was to generate contour 
from DSM and DTM obtained from the UAV output as well as from 
the ground survey. Eventually, the accuracy of the generated DTM 
and DSM was computed by making use of root-mean-square error 
(RMSE) where the accuracy of the UAV terrain product was computed 
relative to the ground survey data. 
 
3.0  RESULTS AND DISCUSSION 
 
The output generated from processing of UAV images were 
orthophoto, DSM, DTM and contour maps. Universal Traverse 
Mercator (UTM) zone 48 N was used as the map projection coordinate 
system for the UAV image together with the WGS84 3D geodetic 
system. Figures 3 (a)-(c) show the orthophotos for the three different 
types of land cover namely forest, plantation and developed area, 
respectively. It is obvious that the forest area is nearby to a watery 
area, the plantation area contains rubber trees and located besides a 
straight road while the developed area contains a building surrounded 
by a tidy landscape. 
   
(a) (b) (c) 
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Tools software was used where WGS84 sy tem was adopted for the 
purpose of ur study. 
For UAV data acquisition, initially setting up of UAV sy tem is carried 
out where all the UAV compone ts uch as digital camera, radio 
controller, software and battery were first prepared. Next, miss on 
planning was e tablished using Miss on Planner Software to determine 
the waypoints for controlling the pathway and altitude of the UAV. 
There were two main phases of processing involved in this study, the 
first processing was the gen ration of rthophoto, DSM and DTM from 
raw UAV images and the second processing was to gen rate contour 
from DSM and DTM obtained from the UAV output as well as from 
the ground survey. Eventually, the accuracy of the gen rated DTM 
and DSM was computed by making use of root-mean-square rror 
(RMSE) where the accuracy of the UAV terrain product was computed 
relative to he ground survey data. 
 
3.0  RESULTS AND ISCUSSION 
 
The output gen rated from processing of UAV images were 
orthophoto, DSM, DTM and contour maps. Universal Traverse 
Mercator (UTM) zone 48 N was used as the map projection coordinate 
sy tem for the UAV image together with the WGS84 3D geodetic 
sy tem. Figures 3 (a)-(c) show the orthophotos for the three different 
types of land cover namely forest, plantation and ev loped area, 
respectively. It is obvious that the forest area is nearby to a watery 
area, the plantation area contains rubber t ees and located besides a 
straight road while the dev loped area contains a building surrounde  
by a tidy landscape. 
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Figure 3: The orthophoto for (a) forest, (b) rubber and (c) developed area 
 
3.1  Analysis of DTM from UAV Images 
 
After filtration process that involved classification of ground and non-
ground point cloud, DTM processing w  initiated where the pattern 
of ground surfa e height for the study area was g nerat d. Figures 4 
(a)-(c) show the DTM from the forest, plantation and developed area, 
respectively. The colours whic  are green, yellow and red indicate th  
chang s of elevation from low to the highest elevation for each land 
cover. For for st, the DTM ranges from 209 m to 301 m, 12 m to 33 m 
for plantation and 9 m to 36 m for develop ent area. As expected, 
forest shows the highest average terrain elevation followed by 
plantation and dev lopment area [3, 15, 18]. 
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Figure 4: DTM for (a) forest, (b) rubber and (c) developed area 
 
The generated DTM hich was in raster form and was converted to 
contour map which was in vector form which was later u ed as on  of 
RMSE parameter. The co tour map was next impo ted to CAD 
(Computer-aided design) software for coordinate conversion. The 
UTM zon  48N coordi ate was converted to the national RSO 
geocentric so that it had the same coordinat  system as the ground 
survey data. For verification purpose, 20 sample points were selected 
from the contour map and detail survey where accuracy ass s ment 
was carri d ut for height at all corresponding X nd Y coordinates. 
The patte ns of the contour generated from the three study areas wer  
identified and analysed. As exp cted, there wa  an obvious 
discrepancy between the patterns of th  generated contour from UAV 
and detail surv y for all the area . This was due to the fact that the 
UAV-generated cont ur was produced based on the int rpolation of 
point cloud g nerated using overlapping of image while grou d 
survey-generated contour was produced from the interpolatio  
betwe n spot heights collected using the total station. Subsequently, 
the pattern f d viation b tween two s ts of elevation data were 
statistic lly analyz d f r standard statistical parameters such as 
standard deviation, mean and vari nce o that the d t  properties can 
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Figure 3: The orthophoto for (a) forest, (b) ru ber and (c) eveloped ar a 
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After filtrat on process that involved classificat on of gr und a  non-
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survey data. For verificat on purpose, 20 sample points were s l ct d 
from the contour map and detail survey where accuracy as essm nt 
was ca ried out for heig t at ll corresponding X and Y oordin tes. 
The patterns of the cont ur generated from the thr e study areas were 
identified and analys d. As expected, there was an obvi us 
discrepancy betwe n the patterns of the generated contour from UAV 
and detail surve  for all the are s. This wa due to the fact tha e 
UAV-generated contour was produce  based on the int rpolati n of 
point cloud generated using overlapping of image w ile ground 
survey-g erated contour was produce  from the int rpolati n 
betwe n spot heig ts colle ted using the total st tion. Subs quently, 
the pattern of deviation betwe n two sets of elevation data w re 
statistically analyzed for sta dard statistical p ram t rs such as 
standard devi tion, mean and variance so that e d ta prope ties can 
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and detail survey for all the ar as. T is was due to the fact hat he 
UAV-gene ated contour was produced based n the interpolation of 
poi t cloud generated sing overl p ing of image while gr und 
surv y-generated conto r was roduced fro  the int rpolation 
between spot heights c llected using the to al sta io . Subsequently, 
the pattern of deviation between tw  sets of el vation dat  wer  
sta istically a alyzed for standard sta istical p r met rs such as 
t ndard eviation, me n and variance so that the d t  properties c n 
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Figure 3: The orthophoto for (a) forest, (b) ru ber and (c) eveloped ar a 
 
3.1  Analysis of DTM from UAV Images 
 
After filtrat on process that involved classifi t on of gr und a  non-
ground poi t cl ud, DTM processing was initiated wh re the pa tern 
of gr und surface heig t for th  udy rea w s generat d. Figures 4 
(a)-(c) show t  DTM from the for st, pl n ation n dev lop d area, 
respectiv ly. The c lou s which are gre n, y ll w a r  indicate the 
changes of el vati n fr m l w t  the hi st el vation for a h l nd 
over. Fo  for st, th  DTM ranges from 209  t  301 m, 12  to 33 m 
f r plantati n and 9 m to 36  fo  developm nt ar a. As expect d, 
est shows the highest aver g  t rain elevation f llowed by 
plantation and dev lopm nt rea [3, 15, 18]. 
   
(a) (b) (c) 
Figure 4: DTM for (a) forest, (b) ru ber and (c) eveloped ar a 
 
The generat d DTM which as in r te  form and w s converted to 
contour m p which as in ve tor fo m which s later us d as one of 
RMSE parameter. Th  c nt ur map as next i port   CAD 
(Compute -aided design) oftware for c ordinat  c nversion. The 
UTM zone 48N coor inate s converted  the ation l RSO 
ge c ntric so that it d h  s m  ordinat  system as the gr und 
surv y dat . For verificat on purpose, 20 ample point  wer  s l ct  
from the contour map nd detail s rvey wh r  accu acy ass ssm nt 
was carried out f r heig t at all corresp nding X and Y coordinates. 
The p tterns of the contour ene at d f om the thr e study areas were 
identifi d and analysed. As xpect , there w s an obvi us 
discrepan y betwe n th  pa terns of the gen rat d co tour fr m UAV 
and etail survey for all the areas. T is wa du to the fact tha e 
UAV-generat d contour w produce  bas  on the int rpolati n of 
point cloud generat d using overlapping of image while gr und 
survey- e rat  conto r was pr duce  fro  th  int rpolati n 
betwe n spot h ig ts c lle ted using the total s i n. Subsequ ntly, 
the att rn of deviation betwe n two sets f elevation data wer  
statistically analyze  for standard t tistical p r m ters such as 
t ndard deviation, mea  and varia ce so th t e d a prope ties c n 
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Figure 3: Th  orthophoto for (a) f rest, (b) rub er and (c) d v loped ar a 
 
3.1  Analysis of DTM fr m UAV Images 
 
After filtration p cess that involved classific tion of ground and no -
ground point clou , DTM processing was initiated where t  patt rn 
of ground s rface height for the study r a w s gener t d. Figures 4
(a)-(c) show t e DTM from t e f rest, plantatio  nd developed r a,
respectively. The olou s which a e green, y ll w a  r d indicate the 
changes of levati n from low to the highes  l vation for h land 
over. For f r st, the DTM ra g s from 209 m to 301 m, 12 t  33 m
f r plantati  nd 9 m to 36 m fo  development ar a. As expected,
est shows he ighest avera e t rrain levati  follow d by 
plantatio  nd development r a [3, 15, 18].
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Figure 4: DTM for (a) f rest, (b) rub er and (c) d v loped ar a 
 
The gen rated DTM which was in raster form and was co verted t  
contour m p which was in vector fo m which w s late  used as e of 
RMSE paramete . T e contour map s next import  to CAD 
(Compute -aid d sign) software for co dinate version. Th  
UTM z ne 48N c ordinate s converted t  th  ati al RSO 
geocentri  so tha  i had  same ordinate sys m s the ground 
surv y data. For verification purpose, 20 sample poi ts w r electe  
from the cont ur map nd detail survey wher  accur cy assess ent 
was carried out fo  h ight at ll corresponding X a  Y coordi at . 
The p tt rns of the contour gener ted fr m th  th e s udy area w re
identified n alys d. As exp cted, her  was an obviou  
discrepa cy betw en th  patt r s of th  ge ra ed co tour fr m UAV
and detail surve  for all th  a e s. T i  w  due to the fact th t the 
UAV-generated co to r was p oduced based on the interpolation of 
point cloud g n rated usi g overlapping of image while und 
survey-generat d co to r wa produced fro  the int rpolation 
between spo  hei hts c ll cted using h total s a ion. Sub eq tly, 
the pattern of deviati n b tw en two s t  of el vation data were 
statistic lly analyzed for standard istical p rameters such as 
t ndard evi tion, me  nd v riance so th t the d ta p o e tie  c n 
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quadrant and the position of object can be estimated using a compass 
and measuring tape from any intersection point. Subsequently, the 
objects (including trees and buildings) were marked and their heights 
were recorded. Ground control points (GCP) were established for the 
whole study area to geometrically tie the UAV with real earth. Topcon 
Tools software was used where WGS84 system was adopted for the 
purpose of our study. 
For UAV data acquisition, initially setting up of UAV system is carried 
out where all the UAV components such as digital camera, radio 
controller, software and battery were first prepared. Next, mission 
planning was established using Mission Planner Software to determine 
the waypoints for controlling the pathway and altitude of the UAV. 
There ere two main phases of processing involved in this study, the 
first processing was the generation of orthophoto, DSM and DTM from 
raw UAV images and the second processing was to generate contour 
from DSM and DTM obtained from the UAV output as well as from 
the ground survey. Eventually, the accuracy of the generated DTM 
and DSM was computed by making use of root-mean-square error 
(RMSE) where the accuracy of the UAV terrain product was computed 
relative to the ground survey data. 
 
3.0  RESULTS AND DISCUSSION 
 
The output generated from processing of UAV images were 
orthophoto, S , DTM and contour maps. Universal Traverse 
Mercator (UTM) zone 48 N was used as the map projection coordinate 
system for the UAV image together with the WGS84 3D geodetic 
system. Figures 3 (a)-(c) show the orthophotos for the three different 
types of land cover namely forest, plantation and developed area, 
respectively. It is obvious that the forest area is nearby to a watery 
area, the plantation area contains rubber trees and located besides a 
straight road while the developed area contains a building surrounded 
by a tidy landscape. 
   
(a) ( ) (c) 
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Figure 3: The orth p to f r (a) forest, (b) rubber and (c) develop d area 
 
3.1  Analysis of DTM from UAV Images 
 
After filtrati  process that involved cl ssific tion of ground and on-
 point cloud, DTM processing w s i iti t  wh e th pattern 
of ground sur ac  height for the tudy are  s gen rat d. Figures 4 
(a)-(c) show the DTM from th forest, plantation a  eveloped r a, 
respectiv ly. Th  col urs w ic  ar g n, y llow and re  i ic te th
chang s f levation fro  l w to the highest levation f r each land 
cover. For f est, the DTM anges fr  209 m to 301 m, 12 m to 33 m 
for plantati n a d 9 m to 36 m for dev lopment area. As xp cted, 
forest sh ws the ighest verage t rrain elevation followed by 
plantation and development area [3, 15, 18]. 
   
(a) (b) (c) 
Figure 4: DTM for (a) forest, (b) rubber and (c) develop d area 
 
The generat d DTM which was in raster fo m and was converted to 
contour map which was in vect r f m which was later used as one of 
RMSE rameter. Th  c ntour map was ext imported to CAD 
(Computer-aided d sign) softwa e for coordi t  conversi . The 
UTM zone 48N coordinate was converted to he national RSO 
geocent ic s  that it had th  same coordinate system a  th  ground 
survey data. For ve ific tio  pur os , 20 sampl  oint  were elected 
from the contour map and detail survey where accuracy a ses ment 
was c ri d ut or height at all cor sponding X n  Y coordinates. 
The patter s of the contour g n rat d from the ree study areas were 
id ntifi d and analysed. As xp ct , there was n obvious 
iscrepancy betw en th patt rns of the generat d ontour from UAV 
and detail surv y f all the ar as. This was du  to the fact th t the 
UAV-generat  conto r wa  roduced based n the interpolation f 
point cloud gen rat d using overlapping f image while ground 
survey-generat d ontour as produced from the interpolation 
betw n spot heights collect d using the t t l station. Subs qu ntly, 
the pattern of deviation betw en two sets of levation data were 
statistic lly an lyz  for st nd r  statistic l param ters su h as
stand r  deviation, mean and variance so that the data pro erties can 
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Figure 3: The orthophoto for (a) forest, (b) rubber and (c) developed area 
 
3.1  Analysis of DTM from UAV Images 
 
After filtration process that involved classification of ground and non-
ground point cloud, DTM processing was initiated where the pattern 
of ground surface height for the study area was generated. Figures 4 
(a)-(c) show the DTM from the forest, plantation and developed area, 
respectively. The colours which are green, yellow and red indicate the 
changes of elevation from low to the highest elevation for each land 
cover. For forest, the DTM ranges from 209 m to 301 m, 12 m to 33 m 
for plantation and 9 m to 36 m for development area. As expected, 
forest shows the highest average terrain elevation followed by 
plantation and development area [3, 15, 18]. 
   
(a) (b) (c) 
Figure 4: DTM for (a) forest, (b) rubber and (c) developed area 
 
The generated DTM which was in raster form and was converted to 
contour map which was in vector form which was later used as one of 
RMSE parameter. The contour map was next imported to CAD 
(Computer-aided design) software for coordinate conversion. The 
UTM zone 48N coordinate was converted to the national RSO 
geocentric so that it had the same coordinate system as the ground 
survey data. For verification purpose, 20 sample points were selected 
from the contour map and detail survey where accuracy assessment 
was carried out for height at all corresponding X and Y coordinates. 
The patterns of the contour generated from the three study areas were 
identified and analysed. As expected, there was an obvious 
discrepancy between the patterns of the generated contour from UAV 
and detail survey for all the areas. This was due to the fact that the 
UAV-generated contour was produced based on the interpolation of 
point cloud generated using overlapping of image while ground 
survey-generated contour was produced from the interpolation 
between spot heights collected using the total station. Subsequently, 
the pattern of deviation between two sets of elevation data were 
statistically analyzed for standard statistical parameters such as 
standard deviation, mean and variance so that the data properties can 
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be understood [20-21]. For DTM accuracy evaluation, RMSE is 
determined; this technique measures the dispersion of deviation 
between the original elevation data and the DTM data [22-23]. It was 
found that the RMSE values were ± 1.80 m, ± 0.938 m and ± 0.549 m for 
the forest area, plantation area and developed area respectively. The 
developed area shows the highest accuracy followed by the plantation 
and forest area. We now attempt to discuss this issue further. In 
principle, the accuracy of DTM depends on the generated point clouds 
at ground surface based on the conditions of the land cover within the 
area. The forest area has the lowest accuracy compared to the other 
land covers due to the obstruction that prevents point clouds to be 
generated. The obstruction is due to the tree canopies that prevent rays 
from reaching the ground surface. This leads to the less amount of 
point cloud compared to the plantation and developed area that have 
more point clouds due to the less obstruction. The low amount of point 
cloud for the forest area subsequently affects the generation of Mesh 
model. Consequently, this causes the low accuracy of DTM generated 
from forest compared to the plantation and developed area. Figures 5 
(a)-(c) show the patterns of the contour generated from UAV and 
ground level contour for forest, plantation and developed area 
respectively. The height intervals are 2 m for forest and 1 m for 
plantation and development area. Due to the nature of surveying 
approach, the ground survey shows a more detail terrain pattern 
compared to plantation and developed area however with a somewhat 
consistent trend between the both [3, 15, 18]. 
   
   
(a) (b) (c) 
Figure 5: Contour generated from UAV (top) and ground level contour 
(bottom) for (a) forest, (b) rubber and (c) developed area  
For DTM accuracy evaluation, RMSE is determined; this technique 
measures the dispersion of d viation between the original elevation 
data and th  DTM data [22-23]. It was foun  that the RMSE values 
wer  ± 1.80 m, ± 0.938 m and ± 0.549 m for the forest area,  
rea and dev loped area resp ctively. The developed ar a shows the 
highest accur y followed by th  plantation and fo est area. We now 
ttempt to discuss this issue further. In principl , the accuracy of DTM 
depends on the generated point clouds at ground surface based on 
the conditions of the land cover within the area. The forest area has 
the lowest accuracy ompared to t  other land covers due to the 
obstruction tha  prevents point clouds to b  generated. The obstr c ion 
is due t  the tree canopies that prevent r ys from reaching the ground 
surface. This leads to the less am unt of point cloud co pared to the 
plantation and d veloped area that have more point clouds due to the 
less obstruction. The low amoun  of point cloud for the forest r a 
subsequ ntly affects the generation of Mesh model. Consequently, this 
causes t e low accuracy of DTM generated from for st compared to the 
plantation and developed area. Figures 5 (a)-(c) show th  patterns of 
the contour gen rat d from UAV and ground level contour for forest, 
l   developed area spectively. T  height intervals are 2 
m for fores  and 1 m for plantation and development ar a. Due to the 
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3.2  Analysis of DSM Generated from UAV Images 
 
Figures 6 (a)-(c) show the result of DSM for forest, plantation and 
developed area, respectively. The elevations for the three different 
types of land cover are highlighted where the green, yellow and red 
indicate the changes of elevation from lowest to the highest elevation 
for each of the land covers. For forest the DSM ranges from 223 m to 
366 m, 10 m to 47 m for plantation and 3 m to 52 m for development 
area. As expected, forest shows the highest average surface elevation 
followed by plantation and development area [3, 15, 18]. 
   
(a) (b) (c) 
Figure 6: DSM for the (a) forest, (b) plantation and (c) developed area 
 
For DSM, the method of analysis used was similar with the analysis of 
DTM. The only differences that the benchmark data were generated 
using the combination of ground height from the detail survey contour 
and the height of objects within the area that were measured using 
distometer and Forestry Pro range finder device. The interpolation 
methods were applied to the ground survey measurement and 
integrated with the heights object within the area. Subsequently, the 
contour map for the area was generated and this contour map is 
regarded to be the benchmark for the DSM generated from UAV in 
calculating the RMSE for determining the accuracy. Based on the 
analysis, the values of RMSE for UAV-generated DSM were± 3.143 m, 
± 0.637 m and ± 0.276 m for the forest area, plantation area and 
developed area, respectively. Similar to DTM, the forest area gives the 
lowest accuracy of DSM compared to the plantation and developed 
area. This possibly due to the uncertainty in tree height collected using 
Forestry Pro range finder device. Somehow, the constraints 
experienced during the measurements were the dense tree canopy that 
prevents the peak point of trees be determined accurately. Figures 7 
(a)-(c) show the pattern of the DSM contour generated from UAV and 
ground height integrated with object height contour for forest, 
plantation and urban area, respectively. From visual analysis, it can be 
seen that there is a somewhat consistent trend between both contour 
types for forest, plantation and developed area [3, 15, 18].  
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be understood [20-21]. For DTM accuracy evaluation, RMSE is 
determined; this technique measures the dispersion of deviation 
between the original elevation data and the DTM data [22-23]. It was 
found that the RMSE values were ± 1.80 m, ± 0.938 m and ± 0.549 m for 
the forest area, plantation area and developed area respectively. The 
developed area shows the highest accuracy followed by the plantation 
and forest area. We now attempt to discuss this issue further. In 
principle, the accuracy of DTM depends on the generated point clouds 
at ground surface based on the conditions of the land cover within the 
area. The forest area has the lowest accuracy compared to the other 
land covers due to the obstruction that prevents point clouds to be 
generated. The obstruction is due to the tree canopies that prevent rays 
from reaching the ground surface. This leads to the less amount of 
point cloud compared to the plantation and developed area that have 
more point clouds due to the less obstruction. The low amount of point 
cloud for the forest area subsequently affects the generation of Mesh 
model. Consequently, this causes the low accuracy of DTM generated 
from forest compared to the plantation and developed area. Figures 5 
(a)-(c) show the patterns of the contour generated from UAV and 
ground level contour for forest, plantation and developed area 
respectively. The height intervals are 2 m for forest and 1 m for 
plantation and development area. Due to the nature of surveying 
approach, the ground survey shows a more detail terrain pattern 
compared to plantation and developed area however with a somewhat 
consistent trend between the both [3, 15, 18]. 
   
   
(a) (b) (c) 
Figure 5: Contour generated from UAV (top) and ground level contour 
(bottom) for (a) forest, (b) rubber and (c) developed area  
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be understood [20-21]. For DTM accuracy evaluation, RMSE is 
determined; this technique measures the dispersion of deviation 
between the original elevation data and the DTM data [22-23]. It was 
found that the RMSE values were ± 1.80 m, ± 0.938 m and ± 0.549 m for 
the forest area, plantation area and developed area respectively. The 
developed area shows the highest accuracy followed by the plantation 
and forest area. We now attempt to discuss this issue further. In 
principle, the accuracy of DTM depends on the generated point clouds 
at ground surface based on the conditions of the land cover within the 
area. The forest area has the lowest accuracy compared to the other 
land covers due to the obstruction that prevents point clouds to be 
generated. The obstruction is due to the tree canopies that prevent rays 
from reaching the ground surface. This leads to the less amount of 
point cloud compared to the plantation and developed area that have 
more point clouds due to the less obstruction. The low amount of point 
cloud for the forest area subsequently affects the generation of Mesh 
model. Consequently, this causes the low accuracy of DTM generated 
from forest compared to the plantation and developed area. Figures 5 
(a)-(c) show the patterns of the contour generated from UAV and 
ground level contour for forest, plantation and developed area 
respectively. The height intervals are 2 m for forest and 1 m for 
plantation and development area. Due to the nature of surveying 
approach, the ground survey shows a more detail terrain pattern 
compared to plantation and developed area however with a somewhat 
consistent trend between the both [3, 15, 18]. 
   
   
(a) (b) (c) 
Figure 5: Contour generated from UAV (top) and ground level contour 
(bottom) for (a) forest, (b) rubber and (c) developed area  
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be understood [20-21]. For DTM accuracy evaluation, RMSE is 
determined; this technique m asures the dispersion of deviation 
betwe n the original elevation data and the DTM data [22-23]. It was
found that e RMSE values w re ± 1.80 m, ± 0.938 m and ± 0.549 m for 
the for st area, pl ntation area and developed area respectiv ly. The
developed area shows the highest accuracy followed by the plantation 
and forest area. We now attempt to discuss thi issue f rther. In 
principle, the accuracy of DTM depends on the generated point clouds 
at ground surface bas d on the conditions of the land cover within e 
area. The for st area has t e lowest accuracy compared to the other 
land covers due to the obstruction hat prevents point clouds to be 
generated. The obstruction is due to the tre  canopies that prevent rays
from reaching the ground surface. This leads to the less amount of 
point cloud compared to the plantation and developed area that have 
more point clouds due to the less ob truction. The low amount of point 
cloud for the for st area subsequently affects the generation of Mesh 
model. Consequently, this causes th  low accuracy of DTM generated 
from f rest compared to the plantation and developed area. Figures 5 
(a)-(c) show the patterns of the contour generated from UAV and 
ground level contour fo  est, plantation and developed area 
respectiv ly. The heig t intervals are 2 m for forest and 1 m for 
plantation and development area. Due to the nature of surveying 
approach, the ground survey shows a more detail terrain pattern 
compared to plantation and developed ar a however ith a somewhat 
consistent trend betwe n th  both [3, 15, 18]. 
   
   
(a) (b) (c) 
Figure 5: Contour generated from UAV (top) and ground level contour 
(bottom) f r (a) forest, (b) ru ber and (c) eveloped ar a  
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be understood [20-21]. For DTM accur cy evalu tion, RMSE is 
determin ; this t chnique measures th  dispers on of deviati n 
between the origi al levat on data and the DTM data [22-23]. It was 
found that the RMSE values were ± 1.80 m, ± 0.938  and ± 0.549 m for 
the forest a a, plantatio  rea and developed area respectively. The 
developed area shows the highes  accur cy followed by the plantatio  
and forest a a. We now att mp  to discuss thi  issue further. In 
princi le, the accur cy of DTM depends o  th  genera ed point clouds 
at ground s rface ba ed on the conditi s f the land cov r within the 
area. The forest a a ha  the low st accuracy compared t  the other 
land covers due to the obs ruction that prevents point clouds to be 
generated. Th  obstruction is d e t  the tre canopies th t prevent rays 
from reaching th  ground s rface. This leads to th  less amount f 
point cloud c mpare  t  the plantatio  nd developed area that have 
more point clouds d e t  the less obstruction. The low amount of point
cloud f r the forest a a subseq ently affects the gen ration of Mesh 
model. Consequently, this causes the low accur cy of DTM generated
from orest compared t  the plantatio  nd developed area. Figures 5 
(a)-(c) show the patterns of th  contour generated from UAV and 
ground level contour f r f rest, plantatio  and developed ar a
respectively. The height intervals are 2 m for forest and 1 m for 
plantatio  and development area. Due to the nature of surveying 
appro ch, the ground survey shows a more detail terrain p te n 
compared t  plantatio  nd developed area however with a some t 
consiste t tre d b twe  th  bot  [3, 15, 18].
   
   
(a) (b) (c) 
Figure 5: Contour gene a d f om UAV (top) and ground level contour 
(bottom) for (a) forest, (b) rub er and (c) d veloped ar a  
nature of surveying approach, the ground survey shows a more detail 
terrain pattern compared to plantation and developed area however 
with a somewhat consistent trend between the both [3, 15, 18]. 
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3.2  Analysis of DSM Generat d from UAV Images 
 
Figures 6 (a)-(c) show the result of DSM for est, plantation a d 
developed area, respectively. The el vations for the three different 
types of land cover are highl ted where th gr en, yellow and re  
indicate th c anges of elevation from lowest to the highest levation 
for each of the land covers. For f est the DSM ranges from 223 m to 
366 m, 10 m to 47 m for plantation and 3 m to 52 m for development 
area. As exp cted, forest shows the highest average surface el vation 
followed by plantation and development area [3, 15, 18]. 
   
(a) (b) (c) 
Figure 6: DSM for the (a) forest, (b) plantation and (c) develop d area 
 
For DSM, the m thod of analysis used was similar with the analysis of 
DTM. The only differences that the benchmark data were generat d 
using the combinat on of ground height from the detail survey contour 
and the height of objects within the ar a th t were m asured using 
distometer and Forest y Pro range finder devic . The interpolation 
methods were applied to the ground survey measurement and 
integrated with the heig ts object within the ar a. Subsequ ntly, the
contour map for the area w s generat d and this contour map is 
regarded to be th  benchmark for the DSM generat d from UAV in 
calculating the RMSE for determining the accuracy. Based on the 
analysis, the values of RMSE for UAV-generat d DSM were± 3.14  m, 
± 0.637 m and ± 0.276 m for the forest area, plantation area and 
developed area, respectively. Similar to DTM, the forest area gives the
lowest accuracy of DSM compared to the plantation a d developed 
area. This po sibly due to the uncertain y in tree h ight collected using 
Forest y Pro range finder devic . Somehow, the constraints 
exp rienced during the m asurements were th dense tree canopy that 
prevents the peak point of trees b  determined accurately. Figures 7 
(a)-(c) show the pattern of the DSM contour generat d from UAV and 
ground height integrated with object height contour for forest, 
plantation and urban area, respectively. From visual analysis, it can be 
seen that there is a omewhat consistent trend betw en both contour 
types for f rest, plantation and developed area [3, 15, 18].  
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3.2  Analysis of DSM Generated from UAV Images 
 
Figures 6 (a)-(c) show the result of DSM for forest, plantation and 
developed area, respectively. The elevations for the three different 
types of land cover are highlighted where the green, yellow and red 
indicate the changes of elevation from lowest to the highest elevation 
for each of the land covers. For forest the DSM ranges from 223 m to 
366 m, 10 m to 47 m for plantation and 3 m to 52 m for development 
area. As expected, forest shows the highest average surface levation 
followed by plantation and development area [3, 15, 18]. 
   
(a) (b) (c) 
Figure 6: DSM for the (a) forest, (b) plantation and (c) developed area 
 
For DSM, the method of analysis used was similar with the analysis of 
DTM. The only differences that the benchmark data were generated 
using the combination of ground height from the detail survey contour 
and the height of objects within the area that were measured using 
distometer and Forestry Pro range finder device. The interpolation 
methods were applied to the ground survey measurement and 
integrated with the heights object within the area. Subsequently, the 
contour map for the area was generated and this contour map is 
regarded to be the benchmark for the DSM generated from UAV in 
calculating the RMSE for determining the accuracy. Based on the 
analysis, the values of RMSE for UAV-generated DSM were± 3.143 m, 
± 0.637 m and ± 0.276 m for the forest area, plantation area and 
developed area, respectively. Similar to DTM, the forest area gives the 
lowest accuracy of DSM compared to the plantation and developed 
area. This possibly due to the uncertainty in tree height collected using 
Forestry Pro range finder device. Somehow, the constraints 
experienced during the measurements were the dense tree canopy that 
prevents the peak point of trees be determined accurately. Figures 7 
(a)-(c) show the pattern of the DSM contour generated from UAV and 
ground height integrated with object height contour for forest, 
plantation and urban area, respectively. From visual analysis, it can be 
seen that there is a somewhat consistent trend between both contour 
types for forest, plantation and developed area [3, 15, 18].  
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Figure 7: DSM contour for (a) forest, (b) plantation and (c) developed area 
generated from UAV (top) and ground height integrated with object height 
contour (bottom) 
 
Table 1 shows the comparison of the accuracy of DTM data obtained 
by different techniques. The RMSE values that have been obtained in 
this study can be used as a reference benchmark for the 
implementation of UAV in producing DTM or DSM especially for 
plantation and developed area. The RMSE values produced for forest 
area were relatively high compared to plantation and developed area 
due to the physical characteristic of trees within forest area.  
Table 1: Comparison of the accuracy of DTM data obtained using different 
techniques 
Methods of data acquisition Accuracy of data 
Ground measurement  1 - 10 cm 
Digitized contour data About 1/3 of contour interval 
Laser altimetry 0.5 – 2 m 
Radargrammetry 10 - 100 m 
Aerial photogrammetry 0.1 – 1 m 
SAR interfereometry 5 – 20 m 
3.3  Discussion 
 
Alganci et al. 0 noted that the DTM and DSM posting shall be at the 
minimum as allowed by the data and shall not exceed 1 meter as a 
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Digitized contour data About 1/3 of contour inte val 
Laser altimetry 0.5 – 2 m 
Radargrammetry 10 - 10  m 
Aerial photogrammetry 0.1 – 1 m 
SAR interfereometry 5 – 20 m
3.3  Discussion 
 
Alganci et al. 0 noted hat the DTM and DSM posting shall be at the
mini u  as allowed by the data nd shall not exce d 1 meter as a 
 l. [24] no ed hat the DTM and DSM posting shall be at
the inimum as allowed by the data nd shall not exceed 1 m ter as
a Journal of Advanced Manufacturing Technology (JAMT) standard 
performance. In addition, the American Society Photogrammetry and 
Remote Sensing has specified on the vertical accuracy of digital elevation 
data with 1 m contour interval for vegetated terrain such as forested 
and plantation area and nonvegetated terrain such as development area 
are below 5 m and 0.653 m respectively [25]. The development area 
gives the best accuracy for DTM and DSM compared to plantation and 
forest area with an accuracy of less than 1 m in which is at par with 
the ground surveying approach. Thus, the use of UAV for obtaining 
DSM and DTM for forest, plantation and developed area as proposed in 
this study can be seen as a promising alternative over the conventional 
ground surveying approach. The usefulness of the approach is beneficial 
particularly for remote areas that are difficult to access through ground 
surveying approach due to its ability to generate sufficient image 
overlapping for point cloud formation in producing the DTM and DSM. 
Furthermore, the use of UAV can tackle the problem that arise from the 
cloud cover or haze [31] because image capturing from UAV is taking 
place at low altitude for instance less than 500 m. In addition, geometric 
error that occurred at the image can be reduced  by using sufficient 
Ground control point. Hence, will produced DSM and DTM with very 
high accuracy. Nevertheless, several weaknesses have been identified 
when using the proposed approach in which are controlling/tracking 
signal lost, battery duration and whether dependent.
Signal lost can be solved by enhancing the controlling/tracking 
hardwares and softwares by means of suitable optimized approaches 0. 
Battery duration can be prolonged by replacement with more durable 
batteries or changing to fuel cells. Since the proposed approach offer 
full autonomy to users, data acquisition can take place at any time 
during suitable whether condition. In this study, the factors identified 
able to affect the accuracy of DSM and DTM are (i) dense tree canopy 
cover and fluctuation of tree height in tropical rain forest which lead to
undeliverable bundles of ray required to generate point clouds on 
ground surface; and (ii) the distribution of GCPs of the study area.
These factors also have contributed to inaccuracy in determination of 
object heights within the areas of interest that experience the different 
conditions that include high-density non disturbed canopy (forested 
area), well cultivation (plantation area) and open area (developed 
area), respectively 0. This study has demonstrated that the proposed 
approach gives the highest accuracy for developed area due to its low 
tree obstruction and well distribution of GCPs [29-30].
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UAV platform and ground survey data for the three land covers. This 
is due to the different complexity levels of terrain and surface 
properties from the three land covers [32-35]. The RMSE results for 
DTM are ± 1.806 m, ± 0.938 m and ± 0.549 m while DSM are ± 3.143 m, 
± 0.637 m and ± 0.276 m for forest, plantation and developed area 
respectively. The results of this study shows that the terrain mapping 
using UAV platform is able to provide reliable data at sub-meter level 
accuracy as required in surveying and engineering projects. However, 
for the cadaster applications such as multipurpose cadaster, a proper 
data collection and processing is required to achieve standard cadaster 
accuracy. Nevertheless, for the proposed approach to be used towards 
the development of surveying policy in Malaysia, future 
improvements required include extensive consistency testings on a 
wider variety of land cover with different levels of terrain complexity. 
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standard performance. In addition, the American Society 
Photogrammetry and Remote Sensing has specified on the vertical 
accuracy of digital elevation data with 1 m contour interval for 
vegetated terrain such as forested and plantation area and non-
vegetated terrain such as development area are below 5 m and 0.653 m 
respectively [25]. The development area gives the best accuracy for 
DTM and DSM compared to plantation and forest area with an 
accuracy of less than 1 m in which is at par with the ground surveying 
approach. Thus, the use of UAV for obtaining DSM and DTM for 
forest, plantation and developed area as proposed in this study can be 
seen as a promising alternative over the conventional ground 
surveying approach. The usefulness of the approach is beneficial 
particularly for remote areas that are difficult to access through 
ground surveying approach due to its ability to generate sufficient 
image overlapping for point cloud formation in producing the DTM 
and DSM. Furthermore, the use of UAV can tackle the problem that 
arise from the cloud cover or haze [31] because image capturing from 
UAV is taking place at low altitude for instance less than 500 m. In 
addition, geometric error that occurred at the image can be reduced by 
using sufficient Ground control point. Hence, will produced DSM and 
DTM with very high accuracy. Nevertheless, several weaknesses have 
been identified when using the proposed approach in which are 
controlling/tracking signal lost, battery duration and whether 
dependent. Signal lost can be solved by enhancing the 
controlling/tracking hardwares and softwares by means of suitable 
optimized approaches 0. Battery duration can be prolonged by 
replacement with more durable batteries or changing to fuel cells. 
Since the proposed approach offer full autonomy to users, data 
acquisition can take place at any time during suitable whether 
condition. In this study, the factors identified able to affect the 
accuracy of DSM and DTM are (i) dense tree canopy cover and 
fluctuation of tree height in tropical rain forest which lead to 
undeliverable bundles of ray required to generate point clouds on 
ground surface; and (ii) the distribution of GCPs of the study area. 
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object heights within the areas of interest that experience the different 
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area), well cultivation (plantation area) and open area (developed 
area), respectively 0. This study has demonstrated that the proposed 
approach gives the highest accuracy for developed area due to its low 
tree obstruction and well distribution of GCPs [29-30]. 
4.0  CONCL USION  
 
In this study, DSM and DTM has been successfully generated from 
UAV imagery for different land covers namely forested, plantation 
and developed area. The accuracy of DTM and DSM has been then 
compared to the contour obtained from ground survey data. The 
outcomes show different pattern between contour maps obtained from 
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stand rd performance. In addition, the American Society 
Photogrammetry and Remote Sensing has specifi d on the vertical 
accuracy of digital elevation data with 1 m contour interval for 
vegetat d terrain such as forested and plantation area and on-
vegetat d rrain such as development area are below 5 m and 0.653 m 
respectively [25]. The development area gives the best accuracy for
DTM and DSM compared to plantation a d forest area with an
accuracy of less than 1 m in which is at p r with the ground surveying 
approach. Thus, the use of UAV for obtaining DSM and DTM for
forest, plantation and developed area as pro osed in this study can be 
seen as  promising alternative over the conve tio al ground 
surveying approach. The usef lness of the approach is beneficial 
particularly for remote areas that are difficult to access through 
ground surveying approach due to i s ability to generat  sufficient 
image overlapping for point cloud formation n producing the DTM 
and DSM. Furthe mo e, the use of UAV can t ckle th problem that 
arise from the cloud cover or haze [31] because image capturing from 
UAV is taking place t low altitude for insta ce less than 500 m. In 
addition, geometric error that occurred at the image can be reduced by 
using sufficient Ground contr l p int. Hence, will produced DSM and 
DTM with very high accuracy. Neverth less, several weaknesses have 
been identified when using the pro osed approach in which are 
contr lling/tracking signal lost, battery duration and whether 
depend t. Signal lost can be solved by enha cing the 
contr lling/tracking hardwares and softwares by means of suitable 
optimized approaches 0. Battery duration can be prolonged by
replacement with more durable atteries or changing to fuel c ls. 
Since the pro osed approach offer full autonomy to users, data 
acquisition can take place at any time during suitable whether 
condition. I  this study, the factors identified able to affect the 
accuracy of DSM and DTM are (i) dense tr e canopy cover and 
fluctuation f tree h ig t in tropical rain forest which lead to 
undeliv rable undles of ray required to generat  point clouds on 
ground surface; and (ii) the distribut on f GCPs of the study area. 
These factors also have contributed o inaccuracy in determinat on of 
object heig ts within the ar as of interest that exp rience th different 
conditions that include high-density non disturbed canopy (forested 
area), well cultiva on (plantation area) and open area (developed 
area), respectively 0. This study has demonstrated hat the pro osed 
approach gives the highest accuracy for developed area due to its low 
tree obstruc ion and well distribut on of GCPs [29-30]. 
4.0  CONCL USION  
 
In this study, DSM and DTM has been successfully generat d from 
UAV imagery for different land covers namely forested, plantation 
and developed area. The accuracy of DTM and DSM has been then 
compare  to the contour obtained from ground survey data. The 
outcomes show different pa tern betw en co tour maps obtained from 
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